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OPEN ACCESS
Globally 5,952 species of odonates are known and of this 474 species in 142 genera and 18 families have been recorded in India (Subramanian 2014) . Information on the diversity of odonates in several neighboring states to Gujarat State is available, as well as some regional studies within neighboring states. However, very little has been published about the odonates of Gujarat State. Asana & Makino (1935) studied chromosomes of Tramea chinensis at Ahmedabad. Shull & Nadkerny (1967) reported five species of dragonflies attracted to mercury light at Ahwa, Dangs. Prasad (2004) listed 48 species collected by Zoological Survey of India (ZSI) scientists during a general faunistic survey of Gujarat State. Sharma (2009) published work on the odonates of arid and semi-arid regions of India and listed 58 species from Gujarat based on specimens available in museums. Gandhi (2012) listed 45 species of odonates from Vadodara District of Central Gujarat but was able to verify only 28 species. Rohmare et al. (2015) reported 42 species of odonates from central Gujarat with seven new records for Gujarat. Except for Rohmare et al. (2015) there is no other detailed regional study on the odonates of Gujarat.
Gujarat State is on the west coast of India; its Abstract: The diversity of the Odonata (dragonflies and damselflies) was studied in seven districts of southern area of Gujarat State in India during 2014 to 2015. A total of 55 species belonging to two suborders and 37 genera under eight families were recorded. A total of 18 species of Zygoptera (damselflies) and 37 species of Anisoptera (dragonflies) were recorded. Dang and Navsari districts were surveyed intensively and a maximum of 47 and 35 species were recorded respectively, whereas the districts that were surveyed less intensively, i.e., Bharuch (26), Valsad (21), Surat (29), Narmada (25) and Tapi (27) had comparatively low species richness. Thirty-two species are being reported for the first time from southern Gujarat, raising the total list of odonates to 60. Fifteen species namely, Lestes elatus Hagen insouthern border encompases the northern limit of the Western Ghats, a UNESCO World Heritage Site and one of the hot-spots of biological diversity. The Western Ghats are known to support a number of species of Odonata: 176 species have been recorded from the Western Ghats, including 68 species endemic to the region (Subramanian 2007) . However, the northern region of the Western Ghats (which includes the states of Gujarat, Maharashtra, and Goa) is under-explored with little documentation of the Odonata (Koparde et al. 2014) . The forest area of the district of Dang and the surrounding districts of southern Gujarat are climatically a part of the Western Ghats and comprise its northernmost end. However, except for some studies on spiders (Patel 2003; Siliwal et al. 2003; Parasharya et al. 2011) and herpetofauna (Vyas 2004 ), this area lacks detailed studies on faunal diversity. Almost nothing is known about the odonates of southern Gujarat. Hence, the present study in southern Gujarat was planned.
Materials And Methods

Study Area
The diversity of odonates was studied in all types of wetlands of seven districts of southern Gujarat, i.e., Bharuch, Narmada, Surat, Tapi, Navsari, Valsad and Dang districts during 2014 to 2015 (Fig. 1) . Southern Gujarat is broadly defined as the area south of the river Narmada, reaching up to the border of Maharashtra. Its western side touches the Arabian Sea whereas the eastern side touches Maharashtra. C respectively. The southern districts have the highest annual rainfall, i.e., Dang (2444mm), Valsad (2122mm), and Navsari (1806mm). Amongst the northern districts, Bharuch receives 707mm annual rainfall, Narmada 1065mm and Tapi and Surat districts each about 1300mm. The study area is rich in flora: a total of 700 species of flowering plants are reported from Protected areas of the Dang District where the present study was concentrated. It has three wildlife sanctuaries: Shoolpaneshwar Wildlife Sanctuary (WS) in the Narmada District, Purna WS in the Dang District, and Vansda National Park in the Navsari District (Bhatt et al. 2014) . The forest of the Dang District is south Indian tropical moist deciduous forests-3A/C 1 type. The subtypes within the area are southern moist mixed deciduous forests-3B/C 2, Bamboo brakes-5/E 9 and tropical riverine forest-5/1S1 (Champion & Seth 1968; Patel 2003) . Shoolpaneshwar WLS is also classified as moist mixed deciduous type forest (Singh 1998) . Besides high annual precipitation, the region has an extensive network of irrigation canals. Images 17-20 show some of the study sites.
Sampling methods
Adult odonates were collected from all types of wetlands in the study area using a standard insect net. Wetlands in non-Protected Areas were surveyed during July to October. The specimens were preserved in 70% alcohol and by placing them in an envelope that was labeled properly with details of species, date and place of collection. Additional specimens were preserved as dry following standard procedure. Collections were made only from non-protected areas. The voucher specimens were deposited at Anand Agricultural University, Anand. Details of the sampling localities are given in Table 1 .
The specimens were identified with the help of photographic guides (Emiliyamma et al. 2005; Subramanian 2009; Nair 2011; Kiran & Raju 2013) and Fraser (1933 Fraser ( , 1934 Fraser ( , 1936 . The scientific names follow Subramanian (2014) . Identification of specimens was confirmed by one of us (SST) at the Zoological Survey of India, Jabalpur.
Results And Discussion Diversity of odonates within southern Gujarat
A total of 55 species belonging to two suborders and 37 genera under eight families were collected from seven districts of southern Gujarat (Table 2 ). Eighteen species of Zygoptera (damselflies) and 37 species of Anisoptera (dragonflies) were recorded. In this study, Zygoptera and Anisoptera were represented by four families each.
The highest number of odonate species (47) was recorded in Dang District (30 species of Anisoptera and 17 species of Zygoptera). Navsari District ranked second with 35 species (23 species of Anisoptera and 12 species of Zygoptera). Species richness was comparatively low in the remaining districts: Bharuch (26), Valsad (21), Surat (29), Narmada (25) and Tapi (27) ( Table 3 ). The species richness of the Dang and Navsari districts was highest. It is possible that the high species richness was reflection of the intensity and longer surveys that were done in the Dang and Navsari districts rather than true ecological species richness.
The highest numbers of odonates recorded belonged to the family Libellulidae (28 species), followed by Odonata diversity of southern Gujarat Rathod et al.
Coenagrionidae (11 species), Gomphidae (6 species), Lestidae and Platycnemididae (3 species each), Aeshnidae (2 species), Macromiidae and Euphaeidae (one species each) ( (Drury, 1770) and Trithemis aurora (Burmeister, 1839) were most widely distributed and common as they were recorded in all seven districts. Four species were recorded in six districts and seven species were recorded in five districts ( Table 2 ). The absence of these species in one or two districts may be due to comparatively less survey efforts since these species are otherwise widely distributed in India and hence likely to be widespread in the entire southern Gujarat.
Nine species were recorded only in the Dang district: Lestes elatus Hagen in Selys, 1862; Dysphaea ethela Fraser, 1924 ; Agriocnemis splendidissima (Laidlaw, 1922) and Hylaeothemis indica Fraser, 1946 . Out of these nine species, two species, Burmagomphus laidlawi and Onychogomphus acinaces, are endemic to the Western Ghats only (Emiliyamma & Subramanian 2013; Babu et al. 2013) . Close-up photographs of the anal appendages of O. acinaces (Image 10a,b) clearly show a shorter superior anal appendage which distinguishes it from Onychogomphus nilgiriensis (Fraser 1922 ) (Laidlaw 1922; Kiran & Raju 2013) . The two species otherwise look identical in the field. Two specimens of O. acinaces were collected during September, 2015. Forty-seven species were recorded from water bodies or streams on the roadside in the middle forest of the area but outside the protected area in Dang District. A detailed survey of two protected areas (Vansda NP and Purna WS) may yield more habitat-specialist species. The present study was done in the areas having intensive anthropogenic pressure and the known fact is that odonate diversity is expected to be low in an altered forest habitat (Subramanian 2007; Subramanian et al. 2011; Adu et al. 2015; Edegbene et al. 2015) . Two other species with a restricted distribution were Pseudagrion spencei Fraser, 1922 and Potamarcha congener (Rambur, 1842) which were collected only from Bharuch and Navsari districts. During the survey, most of the blue coloured damselflies were visually identified. Amongst a few collected, one from Bharuch district turned out to be Pseudagrion spencei (Image 5). In previous survey during 2015, we also collected Pseudagrion spencei from the Mahi River in central Gujarat. This indicates that the collection and close examination of a few specimens of each species from a district is desirable for improving the accuracy of the survey/inventory. Potamarcha congener was observed as roosting communally, high in the vegetation at Navsari Agricultural University campus (Image 16). It was not encountered in other districts of southern Gujarat. Shull & Nadkerny (1967) recorded five species of dragonflies attracted to light at Ahwa, Dang. But we have recorded one more species, Zyxomma petiolatum Rambur, 1842 attracted to light at Navsari Agricultural University campus in October 2014.
Comparison with earlier studies
Prasad (2004) had reported 23 species of odonates from southern Gujarat. His records were largely from the districts of Dang (12 species), Valsad (7 species), Surat (7 species), Navsari (6 species) and Bharuch (4 species). Five species, i.e., Lestes viridulus Rambur, 1842; Ischnura elegans (Vander Linden, 1823); Pseudagrion hypermelas Selys, 1876; Neurothemis intermedia (Rambur, 1842) and Tetrathemis platyptera Selys, 1878 reported earlier by Prasad (2004) were not encountered during the present study. The present study adds 37 species as new records for southern Gujarat. Combining the present inventory with earlier ones, the checklist of the odonates of southern Gujarat has reached a total of 60 species. This is about 12% of the odonate diversity of India. Prasad (2004) did not report any odonates from Narmada and Tapi districts of present day administrative boundary. Hence, in the present study, the record of 22 species from Narmada and 27 species from Tapi are first records for these districts.
Fifteen species namely, Lestes elatus, Elattoneura nigerrima (Laidlaw, 1917) (Images 1-15) . Rohmare et al. (2015) reported seven new species from central Gujarat, which had raised the checklist of odonates of Gujarat to 65 species. Now with the additional records of 15 species from southern Gujarat, the checklist of the odonates of Gujarat is increased to 80 species.
Burmagomphus laidlawi has been recorded from Amba Reserve Forest and Kolhapur district including the Western Ghats in Maharashtra (Tiple & Koparde 2015) . The record of Burmagomphus laidlawi in Dang forest is an extension of 450-500 km north. Onychogomphus acinaces has not been reported from the Western Ghats area of Maharashtra (Koparde et al. 2014 and has not been mentioned in the compiled list of odonates of Maharashtra (Tiple & Koparde 2015) . Onychogomphus acinaces also shows an extension of its range of distribution from Karnataka to Dang in southern Gujarat.
Out of 15 new records for Gujarat, at least 13 species are known to occur in the neighboring state of Maharashtra. Moreover, out of 55 species recorded from southern Gujarat, 53 species are recorded in Maharashtra (Tiple & Koparde 2015) . Records of common species between southern Gujarat and Maharashtra indicate similarities in habitat structure and climatic conditions between the two regions. 
